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S UHLARY 



To det ermine the effect of centrifugal force on the 
forced convection heat transfer coefficient, a rotating test 
rig was built, housing a 10" length of 1" pipe. The pipe was 
heated by electrical tubular heating elements. Three tf erno- 
couplcs gave the temperature of entrance and exit air, and the 
wall. Llectrical connections to the '.eating elements and the 
thermocouples were made through a slip ring-brusl arrangement • 
Cooling air was drawn in by suction through a hollow shaft in 
the slip ring attachment and then through the test section. 

The results obtained were not satisfactory for any 
definite conclusions since the test was mate under transient 
thermal conditions and therefore made the heat losses impossi- 
ble to calculate. The results obtained, however, do tend to 
suggest that centrifugal force tends to increase the heat trans- 
fer coefficient, kodif i cat ' ons to the tost rig to establish 
steady state conditions and means for determining the heat 
losses must be made prior to reaching any definite conclusions^ 
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INTRODUCTION 



The problem of turbine blade cooling is boinc studied 
today by many in the aeronautical field, since turbine blade 
cooling; represents the r.ost irr:ediate and positive solution 
of a hifjh toraperature turbine. Reference (a) mentions the 
fact that analytical methods are too formidable to provide a 
direct solvit ion, and that the answer’s to ell the factors in- 
volved in turbine blade cooling; must, be derived by experi- 
mental research. It was the object of this experiment to de- 
termine the affeot of oentri^ugal r or ce on the forced convec- 
tion heat transfer (surface convection) coefficient, one of 
tho factor® involved in the problem. 
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TEST EQUIPMENT 

In order to study the effect of centrifugal force on 
the surface convection coefficient, it was necessary to design 
a rotating test rig. The approaches to the design of such an 
apparatus wore many, but it was decided to rotate a length of 
heated pipe, within and concentric with another largo r pipe, 
which was a primary structural member of the apparatus. The 
outer pipe provided the strength required to withstand the 
centrifugal forces due to rotation, while housing the test 
section. For balance purposes, two such pipes were necessary. 
In order to rotate the pipes, they were attached to a hub, 
which in turn was keyed to a shaft. A V-belt drive connected 
the shaft to an external power source. The addition of heat 
to the test section and the receiving of temperature measure- 
ments from the test section were made electrically by means 
of slip rings and brushes. The end result of the design is 
shown in Figure 1. The test rig was controlled from the con- 
trol roo-n shown in Figure 2. It should be noted that no out- 
sice source of air was used, i.e., from compressor or tank. 
Coolin^ air w&s drawn in by suction through the hollow shaft 
of tho slip ring attachment from the atmosphere. 
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The Test Section 

A 1" f nominal size, standard steel pipe was used as 
the test section, having a 1*05” I*D* and a 1*315 # O.D. To 
heat the pipe, rive "Chroraalox" Inconel sheath, 0.344" dia- 
meter, tubular heating elements were used. Each element was 
rated 280 watts at 115 volts, with a maximum safe sheath tem- 
perature of 1400° P. The overall length of an element was 15" 
with a heated length of 9.5" . The latter ceterwinod the 
length of the test section, which was 10”. The elements were 
strapped symmetrically around the test section as shown in 
Figure 3, in order to provide positive contact between the 
elements and the test section. The elements were connected 
in parallel. 

Three thermocouples were used to measure the air, at 
entrance and exit, and the wall. For the air temperature 
measuring thermocouples , holes were drilled through the hous- 
ing pipe and the test section for outside insertion* These 
thermocouples extended *nto the center of the test section 
with the entrance air thermocouple in front of the inner 
end of the test section and the exit air thermocouple in- 
side the cuter end. The wall thermocouple was inserted through 
& hole in the outer pipe, midway between the other two, and 
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rested against tho wall of the te«t section. The theruououple 
wires fitted into a corordc sleeve wMoh oxtendod into the 
tost section. Figure 4 la a detailed drawing of tho test sec- 
tion. 

The Tost Kl'i 

The hub was rade fron a solid piece of SAL 4G40 steel 
bar stock, 10” diameter, 0" long. The bar was hollowed out to 
a depth of 4.75” and turned down to 0.4”, leaving a 2" thick 
rlu, 5.5” wido. At the shaft end, tho hub was turned dtarn to 
3.5” with a 2" fillet. A 1.5” hole waa drilled out for tho 
drill rod shaft. Tho hub was connected to the shaft by two 
Allen head 3«t screws fitting ? nto holes drilled 120 do- 
greee apart through the hub and Into tho shaft. 

To acconodato the housing pipes, two 3.5" holes were 
drilled diametrically opposite each other through the rin of 
the hub. On tho inner portion of the rin, 4.5" cut outs were 
ssado, ooncontric with tho 3.5" holes, in order to present a 
flat surface for the holding screw caps. The housing pipes 
were 3” noulnal size, extra strong, steel pipes, having a 2.9" 
I.li. and a 3.5" O.D. 'hoy vt re 27” long. The inside ends of 
the pipes, those fitting into tho hub, were threaded on tho 
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outside with 2" of 10/inch A one threads; the outside ends had 
2" of lO/ir.ch V threads. 

Four special holding screw cap* were node. Two had 
Acme threads, and two liad V threads. They wore rado froc 
4*25" round steel bar stock, -nch cap wao 4" ir+diameter, 2" 
long, with 1" of inside threads. The otror 1" of length pro- 
vided a if undercut for threading purposos and a if thick wall 
at the er.d of the cap. Through this wall, e 1.05" hole was 
drilled to oonforn to the tent section diameter. ?ho caps 
were uned as centering devicos by turning down the wall froa 
the inside to 1.25" dianoter for a depth, concentric with 
the 1.05" hole. 

The Test Arm 

The test arm is tho pipe housing tlio test section. 

It is shown in Figure 5. iince the test section was only 10" 
long, it wao necessary to provide souse noans of centering it 
and holding it in place. This was done by using short lengths 
of 1" pipe and corandc tubing. Tho ceramic tubin„ was a 
caehir.oable ceramio, called Aleitnag 222, having a compressive 
strength of 25,000 psl and a thermal conductivity of .005 
g-cal x an thick / cn^ x sec x °C. Tho cera ic insulation 
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at tho ondo of tho toot section was built up fron 3 tube sizes 
available. They were cemented together with porcelain ceoont, 
to that a tube with a 1.00" I.D., 2.9" 0.L)., and 1.5" long In- 
sulated the test section at each end. Five holes of 0.344" 
diameter were drilled out to allow tho cold ends of tho heat- 
ing elements to pass through, as 3 hown in Figure 3. The photo- 
graph also shows how the ends of tho test section were turned 
down to 1.25" O.D. for a £" length. These ends fitted into j," 
deep shoulders ir. the ceranic tubing, similar to the shoulders 
in each cap. Completing tho cover between tho two end ceramic 
tubes was on© tube 0" long with a 2.5" I.D. and a 2.9" O.D. 

In order to place the test section as far out as pos- 
sible from the center of rotation, but still contain it within 
the housing, a short 4.25" section of 1" pipe was usod, turnod 
down at the ends to fit into the shoulders of the cap and the 
ceramic tube. On this short section of pipe, a bumper was 
built. This oonsisted of a 2.5" dlasioter circular steel ring, 
3/16" wide, welded to the pipe. On the side of the terminal 
connections, a ** wide ring of fiber board insulated the termi- 
nal ends fron tho steel bumper. The purpose of the bumper was 
to prevent the outward aovetnont of the heating eleueuts during 
rotation. 
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*fhen the cape were screwed on the ends of the housing 
pipes, the overall length was 28", with 27.8" botnean tho cap 
shoulders. tith a 10" teat section, 2" of coranio tubing, and 
a 4. 25" length of pipe, another 11.25" length of pipo wa3 used 
to oover the distance between the cap ohouldors. thus, a con- 
tinuous channel of 1*05" diameter wee formed fron the end of 
the inner screw cap to the end of the outer screw cop. -her. 
counted in the hub, tho entrance to the teat section was lo- 
cated 13.2" from tho conter of rotation. 

Assembly of the Test Arm 

starting with the test section as shown in Figure 3, 
the test section was covered with the cercnlo tubing. Ths 
torainal ends of the 1. eating dements wore then connected in 
parallel by ring connectors which were connected together by 
short strips of Ho. 12 wire. The terminal ends were bent out- 
ward from the 1" pipo toward the outer pipe, so that the term- 
inal ends and their connections formed a ring midway bo tween 
the two pipes. Two K o. 12 insulated wiros were oonnoctcd to 
a terminal at ooch end. Tho two abort sections of pipe were 
thon inserted into the ceramic shouldoro. A hole to pass the 
Bo. 12 wire was drilled in each end of tho tost arm. Tho 
wires were led through those hole3 to the outside as the test 
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section was inserted 'nto the tost arm* 

The Balance Arn 

The balance arm is the pipe housing the balance rod* 
These ore shown in Figure G. The balance rod consisted of a 
standard 1” pipe, 27*" long, threaded on "-he surface. Two nuts 
locked the balancing weight, a brass tube, between them. Thread- 
ing on the pipo allowed fine adjustment of the location of the 
balai oing rrei-ht. The balance rod res turned drwn on both ends 
to fit * n to the cap shoulders. 

The Slir> Attachment 

Figure 7 snows the slip rings and brushes in position. 
The brass slip rings were mounted on a flanged, hollow shaft, 
extending outward from the hub. The flange fitted nto a re- 
cess in the outer face of the hub and was attached to the hub 
by four 4 * bolts. To insulate the rings fron the shaft, a 
flanged fiber sleeve was made, witi the f large er.d of the sleeve 
resting against the flange of the shaft. Then, alternately, 
brass rings and fiber rings were slipped over the fiber sleeve. 

To keep the rings frow turning, the end of the shaft was 
threaded and e brass nut made, which forced the rings together 
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when tightened with a spanner wrenoh. 

The dimensions of the slip ring attachment are shown 
in Figure 8. The electrical connections were made through the 
hollow shaft. For the two power leads, IJo. 12 insulated wire 
was used. On the first ring from the flange, for example, a 
hole large enough for the bare wire to pass was drilled through 
the brass ring, fiber sleeve, and the hollow shaft. The brass 
ring was then removed, and a larger hole was drilled through 
the fiber sleeve and the shaft to pass the insulated wire. The 
insulation was removed from the tip of the wire. The brass 
ring was then slipped bock into position, the holes matched, and 
the bare wire inserted into the hole of the brass ring and 
soldered to it. The wire was inserted from inside the shaft. 

The thermocouple wires were fiber glass insulated and the same 
procedure used in connecting them to the rin~s. When drilling 
the holes, the shaft was rotated for each connection, so that 
when rotating at high speed, the wires would lie against the 
shaft and not upon one another. 

The brushes used were Kimble electro-graphite brushes. 
No. 512. The brush holder consisted of a piece of fiber board 
with holes drilled out to fit the brushes loosely, and spaced 
to contact the brass rings. Brush tension was achieved in two 
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ways. The brushes woro separately spring loaded, with 1.26" 
lone Ro. 2 compression springs. Tliese wore inccrtod into holes 
drillod into a ploxl .lass back plate, which was bolted to the 
fiber board. The brush holder was mounted on a channel section, 
which was bolted to thu movable portion of a test stand placed 
in front of the tost rig. Thus the brushes could be raised and 
lowered at will. 

Mounting the Test Rig 

Four stands wore used in mcuuting the tost rig. The 
ahaft uaij mounted in four Fafnir, IiK type , pillow blocks, con- 
taining self-aliening bearing. Two pillow blocks were boliod 
to the front plate and two on the back plate. The plates were 
2" plates, 12" x 13". Lach plate woe bolted to two stands, 
each stand bolted to the floor. Between the plates, the shaft 
was keyed for a quadruple Irowning V bolt sheave with a 0.4" 
pitch di*c»ter. On the back plate, a ’-eatinghouso tachometer 
generator was mounted and connected to the shaft by a belt drive. 

Assembly o f the Test Elg 

After the shaft was mounted in the pi llcw blocks, the 
hub was mounted on the end of tho shaft. The test arm was pas- 
sed through the hole in the hub rin and the inner holding cap 



- -i - 

- ■ • * ■ m 

. . « 

• - ■- . I - 

,am «*■ {m*»i 4 m *■* » •«* i. |<- ' *kW >>4i *^r‘ 

, . ■ > j • . ■ ■ t 

««*ffc IH liwt 

J • -*•»< •• « 

- , • 
« » -J* . •• 

- . - ' • - 

, . •» * • , - • i>. ’• 

, - . * A-arm* 

.... I mam 

> t> < l> 

: » j < - •. . - >’• • 



i , r * ■ - f > 

• li. • • • » «JU‘< x.JH* 



- 12 - 



screwed on tightly. The tact ana was then pulled out ao that 
tha cap rested on the flat surface of the inner rim. A l/c" 
aet screw on the outer r ace of the hub rim held the pipe in 
place. Care was tabon to see that the 1" pipe erdc fitted in- 
to the cap shoulders. The balance arci was counted in the sane 
way. k'ext, the wires fr on the slip ring attachment wore 
threaded through a hole In the hub rim, end the flense of 
the slip ring attachment was bolted to the rim. The wiring 
snd insertion of thermocouples was then completed. The brush 
holder xus mounted on its stand, and raised to r.al:e contact 
with the slip rings. 

. otlve Power 

The ongino providing the power was an Onan, CE/SA 
type, rated 10 hp at 3000 rpn. It was mounted on two 2" x 5” 
channel irons bolted to the floor. Slots wore cut in the top 
flanges of the channel iron, so that the proper tension on the 
belts could be obtained by moving the engine and then bolting 
it down. A quadruple sheave with a 3" pitch diameter was 
mounted on the engine shaft. Tho engine was started by using 



an aircraft inertia starter 
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"ho Control I pop 

la the control room wore located the following* an 
ignition switch and throttle for the engine, shaft RrM indica- 
tor* Cr cv;n 3’ooordor for tcnporaturo reading, a thcrr.ocouplo 
selector switch, a powcretat, voltiwtcr, aiuiotor, and a stop 
watch. 



The power for heating the test section was tal.on from 
a wall so«3:ot, passed through the powerotat, volt' otor and ara- 
neter to the brushes. The pweratat was ratod at 230 volts, 

0 asipcrss. 



The leads fr on tho thermocouple brusiico were passed 
through the selector switch and on to the frown Recorder. 

The throttle control was a Sperry hydraulic control. 
The engine had to he started in the test cell, using an air- 
craft inertia starter, but could bo controlled froo the control 
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PROCnJUR* 

Ir. checkins out the equipment, it was found that the 
maxinun pipe temperature that could bo maintained at high KFlf 
was approximately 400° with full power from the powerstat. 
Therofore, the following procedure was used. The engine was 
run at low speeds while the test section heated up. When the 
teat section temperature became 700° l* 1 ., the stop v/ntch was 
started and the temperatures rooordod ao of zero tine. The 
throttle wus then advanced to the next RPSi and allawod to run 
for throe minutes , at which time the tonperaturco were again 
recorded, and the throttle advanced to the noxt UP*. The olec- 
trical power input to the teat section was loft constant. This 
procedure was followed until the maximum Rl’N v/ns roached. 
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RESULTS AKD DISCUSSIOII 

Three runs wore made. The first two runs, shown in 
Tables I and II, were trial runs to observe the operation of 
the equipment, with and without heat added, respectively. 
Therefore, no times wore recorded. Readings were taken when 
conditions soemed steady. These runs are recorded merely to 
indicate the trend of the readings. he low temperatures re- 
corded in the "no heat" run are of interest. 

The data for the tost run is given in Table III, 
and the reduced data in Table IV. The test run was a double 
run, i.c., data was taken at increasing LPl'.’a until the maxi- 
mum of 800 RPM was reached and then data for decreasing RPL''s 
was taken. 



The reduced data in Table IV was computed assuming 
no heat losses from the test section. With power maintained 
constant at 810 watts, the wall temperature decreased as the 
RPIi increased. Thus, the aspirated air flawing through the 
tost section not only absorbed tho power input but also cooled 
the pipe. The timing between RPll settings allowed calculation 
of this added heat absorption by the air stream. Thus, know- 
ing the rate of heat flow and the difference in temperature 
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botwoon the wall and naln body of tho air, the heat transfor 
(surface conveotion) coefficient was computed fron tho formula 

q * h A a (Ip - T a ) (1) 

where 

q • rate of heat flow, ntu/hr 

A 0 “ aroa of the surfaco, ft*^ 

h ■ heat transfer o oof fio lent, Dtu/hr ft^ °P 

Tp * temperature of tho wall, °F 

o 

T a 3 average tenporaturo of tho rain body of air, F 

Tho centrifugal force acting on the air parti clo3 
flowing through tho tost aoction could not bo computed since 
only one property of tho cooling air was hr own, i.e., tho tem- 
perature. However, centrifugal force i* a function of the 
rotational speed. Thus, tho values of the surfaco convoctlon 
coefficient, as determined by equation (1), were plotted in 
Figure 9 against rotational speed. 

Kow, in order to make a comparison between the heat 
transfer coefficient obtained with rotation (duo to centrifugal 
force) and the heat trnr.sfor coefficient due to forced convec- 
tion only, tho following was dono. 

From the data taken, tho weight flow was computed 



from the formula i 
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q * w c p (AT) (2) 

where 

q * rate of heat '‘low, *tn/hr 
w * weight flow, lb/hr 
Cp - spoclfio heat of air, btu/lb °F 
AT * tcnperatv.ro difference between leaving and 
ontorir.g a!r, i . 

Die cosouuted values of w for each RiV are given in 
Table IV. iron the continuity equation, tho mass volocity of 
tho air was computed, 

vi - f uA ■ GA (3) 

whore 

C ■ (/u) ca3s velocity, lb/hr ft^ 

2 

A • area of tost section, ft 

Using the values of G as computed for each weight 

flow at oach R#M, the surfaco convoction coofficient duo to 

forced conveotion was computed fron the simplified formula 

qO.O 

h 3 C -to (4) 

where 

C ■ constant 

D * d5.«neter of teat section, ft 
G * mass velocity, lb/hr ft 2 
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Equation (4) la given as equation (C-0) of roferenco 
(b), In which valuea for the constant C for air at various tem- 
peratures are giver, ir. fable 0-3. 

binco the hent transfer coefficients corsputod by 
equation (4) wore based on tho weight flow from the tost data 
at each Rflj, they woro also plotted in Figuro 9. Thus, fig- 
ure 9 should be read as follows i Each lift! indicatos a certain 
weight flow. This weight flow through a static rig would have 
a heat transfer coefficient indicated by the forcod convection 
curvo. In a rotating rig, this sane weight flow would have a 
boat transfer coefficient indicated by tho centrifugal forco 
curve. Tho weight flows for each IiPS? aro given in Table IV. 
Thus, for a givon weight flew of cooling air, centrifugal 
force toads to increase the heat transfer coefficient. 

Cognisance must be taken of the fact that only a 
short range of rotational epoods wore covered in tho tost runs. 
In addition, tho computations woro based cn the assumption 
that no looses e-sistot’i. Tlxce faotors and tho inaccuracies in 
reading tho Drown Recorder, *?Ith narked intervals of 20°, can- 
not allow any quantitative results. Ti.ua, the straight linos 
drawn in Figure 9 ore not necossarily so. 

The toot run was made under transient thermal condi- 
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-lo- 
tions, as indicated by tho oet data. This was dono purposely 
since tho tine required to roach stoblo conditions at each RPM 

sotting was too great, o.g., the wall tGmpcraUiro of the pipe 

o 

was incrocsing at tho rate of 10 I’, por oinuto after 13 min- 
utes of t/tru-up timo vri.on zero tiw* was recorded. 

The transient thernal conditions thus node tho calcu- 
lation of heat losses impossible. In tho sample Calculations 
section, heat looses vrorc calculated from the tc3t soction to 
tho outside air through tho air cylinder surrounding tho test 
section. The heat losses caloulatod are very low, because they 
wore based on a stagnant air cylinder. Circulation of tho air 
within this cylinder would greatly lncroaso tho hoot loss rate. 

An indication of the aagnitude of the heat lossoa 
arc attested to by the r.ijh inlet air temperatures. Those air 
temperatures show that tho air wa3 Ic'n,, heated prior to enter- 
ing tho teat EoetjoR. At the slow 117U and tho consequent low 
woight flow, tho air inlet tonperature reached 340° P. in 10 
minutes froa* 80° F. atmospheric air. However, at 800 Rf$l tho 
inlet air tonperature was recorded as 60° F. Tfr.cn tho rota- 
tional speed wati docroasod from 800 RPM to 450 RPM, an elapsed 
time of 21 minutes, the inlet air tonperaturo was only 95° P., 

/Si 

or a F. increase above atmospheric air whon flowing through 
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the first llrjf' of pipo ahoud of tho tc3t soction. At tho cano 
time, tho diffororico in tho temperature between ontrnnce and 
exit air was 175° F. Thus tho boat lost to pipe ahead of the 
tost section is roughly 10^ of tho heat added to tho test sec- 
tion. In addition to this loss, a further loss to the pipe 
aft of tho tost section exists. 



All thoso loan os docroosod the power input to tfo 
teat section. Consequently, tho heat transfer coofficiont duo 
to centrifugal force as conputod by oquation (l) aro too high. 



Fror. tho test data taken, the results tond to sug- 
gest that centrifugal inoreasco tho heat transfer coefficient. 
Modifications to tho tost section will be roquirod in order to 
calculate tho heat losses. These modifications should bo such 
as to enable tho oporatcr to establish steady conditions. 

As a matter of interest, the Reynold’s hunbor for 



both heat transfer coefficients was computed from the forced 
convection formula 



0.8 



(5) 



h = .0202 £ (U R ) 
where k for air was computed from bucken’s formula 

k * *32 WiT <^) /Z (0) 

Results are tabulated in Table V. For a given weight flow, the 
Reynolds number as computed for the centrifugal force heat trans- 
fer coefficient is a fictitious value and is designated as K R *. 
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dan. CI a.IX. All fi<bC 1 Xi ATICJhi, 

Tl>o lost run race and tho results obtained tond to 
suggest that centrifugal force will increase the boat tranafer 
coefficient. verification of this and the anourit of ir.creaso 
aust be established by further testing. 

In caking future touts, tho following changes to the 
test rig m*n rooonr.endedi 

1. Replace engine used for notive power with a core 
powerful en,,ine to attain higher and lower rotational speods. 

2. Cco a r.crc aocuruto JidK indicator. 

0. Uso « higher rated pauerstat in order to be able 
to stabilise conditions am’, dotemlr.o accurately tho power ab- 
sorbed by the oooling air. 

£• I- o vise moans for accurately determining licat 
losses under steady state conditions. 

5. Use separate potent ioretera for each themocouplo 
for nacre aoc.urate temperature readings. 



G. ttith the tost arc horizontal, supply cooling air 
froa an outside aourco for fc rco<3 convection. Lupllcato these 
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results with centrifugal force 



7. Use ct test cection with a omocith inner surfaco 
and conuaro results of to3ts on it and the tost section used 
in this experiment. 

G. Loviso a nothod to install an orlfico aeter at 
the hollow 3haft of the clip ring attachment to accurately de- 
termine tho weight flow paseing through the tost soction and 
thus chock data rosults. 
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Fros lino 6, Table IV; 

Cq. (1) q » \ c A e (T p - T a ) 

q * lV 0 t watto x 3.412 Ittu/?.r 

watt 

tot " p p A A p 

whero 

Pp * powor input to hoot pipo, watta 

Ai’p * power lose in pipo duo to tor.poraturo do- 
orcase, watts 

P D « OOv x 9a • 610 watto 

o 

A I’ = wt of pi e ylbo ) x op ht x F drop 
3,412 x tine, hrs. 

10 

■ 1,689 lba/ft x 12 ft x .12 Stu/lb °F x 45 
3.412" x .65 lire 

AP n =44.6 watts 
P 

•• p tot = 010 A " g 54. G ratta 

q * 354. C watts x 3.412 Btu/hr 

watt 

q = 2915 Ltu/Yr 

T r * Ti 4 15 
2 

T« « 210 + 85 
2 

T a • 147.6° F 
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h cc * A s (T p - T.) 

2915 Dtu/hr 

^ * * (IT) (l|) FT 2 (495 - 147.5) °F 

hoc s = 37.8 Btu/hr ft 2 °F 

.229 x 337.5 

Equation (2) 

— 3 — 

w » C AT 

AT = T]_ - T3 

AT * 210 - 85 « 125° F 

_ = 2915 Btu/hr 

.24 Bfcu/lb u x 125° ¥ 

w = 97.1 lb/hr 

Equation v ^) 

r 0.8 

bof S G JpTZ 

G = / V = w = 97.1 lb/hr 
T rr 1.05 2 

4 12 ft 2 

G = 97.1 = 16,200 lb/hr ft 2 
.006 

C * .00346 for air at 140° F, Table 6-3, ref. (a) 
I>°»2 > 0.614 

h«r * .00346 ( 16,200)°*® = .00346 (2320) 

.614 .614 

« 13.1 Btu/hr ft 2 °F 

Equation (6) 

k * ksp 482 + C , I , , , 20 / 

TTC ' (492) 3 /2 Btu/hr ft F/ft 
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For airi kjg 3 0.0125 
C * 225 



T 

k 



(147.5 

(.0125) 



A 400) 0 Fabs 

3/2 

,4S2 * 225 607.5 

(C07.5 A 225 ' ( 492 ) 



k 



(.0126) 717 . 

' 352 . 5 ' 



(1.37) 



k * .0147 



Equation (£) 

h cf - .0202 | (Ji R ) ° ,C 



(N g ) 0 * 8 



hpf x D 
.0202 x k 



E 



S 



"(i3.i) x &§sr 

.0202 x .0147 



1.25 



»g * [3360J 1,25 
% - 30,100 



Heat loss: 

Compute radial heat loss from tost section to outside 
air, assuming tho stagnant air between the test section and 
test am as the only barrier. 



<11 

*1 



- 2irk B (tj - t2 ) 

log© 0*2A 1) 

s temperature of inside surface (temp, of wall) 
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tg = tenporaturo of outside surface (atnosphoric 
air tenp) 

and r2 ■ inner and outer radii of air 



The air cylinder was assucod «a 2", inner dianeter 
and 2.9" outer diameter. Thus, tho losses aro oxa,x°nated. 



For 000 HM: 

t x * 410° F 
t, » 30° F 

it 

k n « .010G Btu/°F hi- ft 2 /ft (for air) 

« 2 'TT(.OIOG) (410-80) 2 fh(.01S6)(ol0) , 

q i — r- 3 372 Btu / hr n 

°0 TT5o 

= 90 Bfcu/hr ft 

q-t s 98 r. 9.0 ft 3 77.5 Btu/W 

U~ 



At 450 RPf: 

. 2 hT (.0160) (520-30) 

*1 372 

q-, * 132 Ptu/hr ft x 9.j> ft 

12 

q, = 104.5 Btu/W 



Tho log noon tonporeturo difforonce on two sides of 
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At 800 RPKx T 0 = 410° F " 1 = 165° F T 3 0 G 0 ° F 

<Lt • 



At 450 Rrt*t T 2 * 520° I « 270° F T 3 * 35° F 

270-95 _ 175 

s xm * 7m 

lo Co 250 
^ - 526 

Corrected h at 800 RPy: 



155-60 95 




s 9^ * 300° F 

.517 




£ orror 



40.5-59.8 

39.8 



.7 

“ 39 . 8 ' * 1»7QJ5 increasing 



Corrected h at 450 RPK 




2700-105 



229 x .326 



h = .229 x 326 * 34,6 
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XOCJICLATITU! 



A a Surface aroa 

c Specific best 

C Constant 

D Diar.eter 

G L'eas velocity 

Surface coefficient due to 

centrifugal force 

h c f Gurfftoo coefficient duo to 
forced convection 

k Therr-al conductivity 

tip Eoynolds nur.bor 

Paoudo-Eeynolcs number 

P Power 

q Kate of heat flow 

? Temperature 

Tg Average tenporaturo of air 

7p Tonperaturo of tost section 

14 Velocity 



cq. ft. 
a q . ft • 

Jtu/lb °F 

ft 

Ib/hr ft 2 
btu/hr ft 2 °K 

Btu/hr ft 2 °P 

Btu/hr ft 2 °f/ft 

watte 

Btu/hr 

op 

°F 

Op 

ft/hr 
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TAJLE I 

TEST RIG CHECK OUT. HEAT ADDED 



RPU 


Volts 


Amps 


*1 


*2 


t 3 


300 


83.5 


8.2 


474 


700 


340 


400 


89.0 


9.0 


470 


682 


225 


500 


90.0 


9.0 


310 


600 


82 


GOO 


89.0 


9.0 


200 


550 


65 


700 


89.0 


9.0 


185 


480 


GO 


800 


89.0 


9.0 


145 


420 


40 







TABLE II 








TEST 


RIG CHECK 


OUT. 


NO HEAT 


ADDED 


RPK 


Volts 


Amps 


T 1 


T2 


T S 


0 


0 


0 


75 


75 


75 


500 


0 


0 


50 


45 


45 


700 


0 


0 


30 


25 


15 


600 


0 


0 


30 


20 


15 


400 


0 


0 


35 


20 


20 


300 


0 


0 


40 


25 


25 


250 


0 


0 


45 


38 


38 



o 

Note: T^ * Exit Air Temperature, P 

T 2 * Wall Temperature, °F 
T 3 = Entrance Air Temperature, °P 
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TAELE III 
TEST RUN 

Barometer 29.22" Hg Temperature 80° P 



RPM 


Time, nin. 


Volts 


Amps 


T 1 


*2 


T3 


300 


0 


90 


9 


560 


710 


340 


400 


2 


90 


9 


530 


690 


300 


500 


5 


90 


9 


400 


645 


160 


550 


8 


90 


9 


310 


580 


110 


600 


11 


90 


9 


260 


530 


100 


650 


14 


90 


9 


210 


485 


85 


700 


17 


90 


9 


200 


455 


75 


750 


20 


90 


9 


165 


425 


60 


800 


23 


90 


9 


155 


410 


60 


750 


26 


90 


9 


160 


415 


60 


700 


29 


90 


9 


175 


425 


62 


650 


32 


90 


9 


180 


435 


65 


GOO 


35 


90 


9 


200 


460 


70 


550 


38 


90 


9 


210 


480 


78 


500 


41 


90 


9 


250 


500 


85 


450 


44 


90 


9 


270 


520 


95 



400 Arcing at brushes 



Koto 1. Nomenclature : 

» Exit Air Temperature, °F 

o 

Tg * Vi'all Temperature, F 

T 3 = Entrance Air Temperature, °F 

Note 2. Tice required for Tg to reach 700° P at 300 RPM 
was 13 minute* . 
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